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5-nitrofurfuraldehydeAbstract Co(II), Ni(II), Cu(II) and Zn(II) complexes of bidentate Schiff bases derived from the con-
densation of 4-amino-5-mercapto-3-methyl/ethyl-1,2,4-triazole with 5-nitrofurfuraldehyde were syn-
thesized and tested as antimicrobial agents. The Schiff bases and their metal complexes were
characterized by elemental analyses, magnetic moment measurements, spectroscopic (IR, Electronic,
1HNMR,ESR) and thermogravimetric analyses. A square planar geometry forCu(II) and octahedral
geometry for Co(II), Ni(II) and Zn(II) complexes have been proposed. The presence of coordinated
water in metal complexes was conﬁrmed by thermal and IR data of the complexes. The Schiff bases
and their metal complexes have been screened for antibacterial [Pseudomonas aeruginosa, Bacillus
subtilis, Escherichia coli, Staphylococcus aureus] and antifungal activities [Aspergillus niger,A. ﬂavus].
ª 2013 Production and hosting by Elsevier B.V. on behalf of King Saud University. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/3.0/).1. Introduction
In view of the constant emergence of antibiotics’ resistance to
microorganisms, it is of critical importance to develop novel
antibiotic classes, which eventually would target the lipoid
layer of the organisms and other aspects of pathogen life cycle.Metal complexes may constitute one such possible class exhib-
iting biological activities (Chohan and Supran, 2005; Singh
et al., 2010; Altundas et al., 2010). Schiff bases and their struc-
tural analogues, as ligating compounds containing acyclic and
cyclic imines, are of great importance in modern coordination
chemistry (Garnovskii et al., 2009) as they easily form stable
complexes with most transition metal ions (Heshmatpour
et al., 2007; Nuria et al., 2005). The ﬁve membered rings con-
taining two or three nitrogen atoms (azoles) are more impor-
tant, since the imidazole group of histidine acts as a ligand
in most of the known hemoproteins. Imidazole derivatives
and 1,2,4-triazoles (Hitchcock, 1991) are considered to be of
potential interest to coordination chemists because they can
be used to link studies on the metal binding properties of
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the gas phase (Taft et al., 1986), in aqueous solutions and aprotic
solvents (Catalan and Elguero, 1983), and on their H-bonding
capacities (Ibraham et al., 1989). The coordination compounds
of 1, 2, 4-triazoles are associated with diverse biological activi-
ties such as antimicrobial, anticonvulsant, fungicidal, antitu-
mor, antiviral and analgesic activities (Kamble et al., 2010;
Cui et al., 2009; Almasirad et al., 2010; Singh et al., 2006a,b).
Synthesis of new Schiff bases and their metal complexes are
still the aim of many recent investigations (Lacroxi et al.,
2004; Golcu et al., 2005; Omer et al., 2006), which prompted
us to continue our previous studies on the characterization of
transition metal complexes (Singh et al. 2006a,b). The present
investigation deals with the synthesis, characterization, thermal
and antimicrobial studies of Co(II), Ni(II), Cu(II) and Zn(II)
complexes of Schiff bases derived from 4-amino-5-mercapto-
3-methyl-1,2,4-triazole (ammt)/4-amino-3-ethyl-5-mercapto-
1,2,4-triazole(aemt) and 5-nitrofurfuraldehyde. The synthesized
Schiff bases and theirmetal complexes are new and to the best of
our knowledge, these are not published elsewhere.
2. Experimental
2.1. Materials and physical measurements
All the chemicals used were of analytical grade. The metal con-
tents were determined using standard gravimetric methods; co-
balt was estimated as cobalt pyridine thiocyanate, nickel as
nickel dimethylglyoximate, copper as cuprous thiocyanate
and zinc as zinc ammonium phosphate (Vogel, 1999). Melting
points were determined in open capillaries in electrical melting
point apparatus, Perﬁt and are uncorrected. Carbon, hydrogen
and nitrogen were determined using Perkin-Elmer 2400 Ele-
mental Analyser at the Punjab University, Chandigarh. Elec-
tronic spectra of the metal complexes were recorded in DMF
on a Systronics 2203 double beam spectrophotometer in the re-
gion of 1100–200 nm. IR spectra were recorded on a MB-3000
ABB Spectrometer in KBr/Nujol mulls in the range of 4000–
250 cm1. Proton NMR spectra were recorded in DMSO-d6
on a Bruker ACF 300 spectrophotometer at 300 MHZ using
tetramethyl silane as the internal standard. Magnetic moments
were measured at IIC, IIT Roorkee on a vibrating sample
magnetometer (Model 155). Thermal analysis of metal com-
plexes was carried out in atmospheric air at the heating rate
of 10C min1 using a Perkin Elmer (Pyris Diamond) instru-
ment with reference to alumina powder.
2.2. Syntheses
4-Amino-5-mercapto-3-methyl-1,2,4-triazole (ammt) and 4-
amino-3-ethyl-5-mercapto-1,2,4-triazole (aemt) were prepared
by the reported literature method (Bala et al., 1978).
2.2.1. 4-(5-Nitrofurfuralideamino)-5-mercapto-3-methyl-1,2,4-
triazole (HL1)
A solution of ammt (2.00 g, 15 mmol) in ethanol (40 mL) was
treated with 5-nitro-furfuraldehyde (2.17 g, 15 mmol). The
reaction mixture was reﬂuxed for 5 h and the solid crude was
ﬁltered off and washed with cold ethanol, and dried on a water
bath and recrystallized from the same solvent. m.p. 181–183C; Anal. for C8H7N5O3S Calcd. C37.94, H2.79, N27.66.
Found C37.33, H2.78, N27.61.
2.2.2. 4-(5-Nitrofurfuralideamino)-3-ethyl-5-mercapto-1,2,4-
triazole (HL2)
An ethanolic solution of aemt (2.00 g, 14 mmol) was added
with stirring to an ethanolic solution of 5-nitro-furfuraldehyde
(1.95 g, 14 mmol) and reﬂuxed for 5 h and the product was ﬁl-
tered off, washed with ice cold ethanol and a wine red crystal-
line product was obtained after recrystallization from ethanol.
m.p. 151–154 C; Anal. for C9H9N5O3S Calcd. C40.45,
H3.39, N26.20. Found C40.22, H3.30, N26.01.
2.2.3. Metal complexes of HL1 (1:1)
The hot ethanolic (40–50C) solutions of the HL1 (0.26 g,
1 mmol) were added to the aqueous ethanolic (95%) solutions
of metal acetates of Co(II) (0.26 g, 1 mmol), Ni(II) (0.25 g,
1 mmol), Cu(II) (0.19 g, 1 mmol) and Zn(II) (0.21 g, 1 mmol)
respectively, which resulted in the immediate precipitation of
metal derivatives. The products formed were ﬁltered, washed
with warm water, ethanol and ﬁnally with acetone and dried.
Co(L1)OAc.3H2O. Anal. for C10H15N5O8SCo Calcd.
C28.31, H3.56, N16.51, Co13.89. Found C28.11, H3.52,
N16.49, Co13.82.
Ni(L1)OAc.3H2O. Anal. for C10H15N5O8SNi Calcd.
C28.33, H3.57, N16.52, Ni13.84. Found C28.29, H3.56,
N16.50, Ni14.12.
Cu(L1)OAc.H2O. Anal. for C10H11N5O6SCu Calcd.
C30.57, H2.82, N17.83, Cu16.18. Found C30.56, H2.82,
N17.81, Cu16.15.
Zn(L1)OAc.3H2O. Anal. for C10H15N5O8SZn Calcd.
C27.89, H3.51, N16.26, Zn15.18. Found C27.88, H3.48,
N16.24, Zn15.10.
2.2.4. Metal complexes of HL1 (1:2)
The aqueous ethanolic solutions (95%) of metal acetates of
Co(II) (0.23 g, 0.9 mmol), Ni(II) (0.23 g, 0.9 mmol), Cu(II)
(0.18 g, 0.9 mmol) and Zn(II) (0.20 g, 0.9 mmol) were treated
respectively, with the hot ethanolic solutions (40–50C) of
the HL1 (0.46 g, 1.8 mmol). The solid complexes, were ﬁltered,
washed with warm water, ethanol and ﬁnally with acetone and
dried.
Co(L1)2.2H2O. Anal. for C16H16N10O8S2Co Calcd. C32.06,
H2.69, N23.37, Co9.83. Found C32.00, H2.67, N23.11,
Co9.80.
Ni(L1)2.2H2O. Anal. for C16H16N10O8S2Ni Calcd. C32.07,
H2.69, N23.38, Ni9.80. Found C32.00, H2.62, N23.31, Ni9.74.
Cu(L1)2. Anal. for C16H12N10O6S2Cu Calcd. C33.83,
H2.13, N24.66, Cu11.19. Found C33.31, H2.11, N24.61,
Cu11.16.
Zn(L1)2.2H2O. Anal. for C16H16N10O8S2Zn Calcd. C31.72,
H2.66, N23.12, Zn10.79. Found C31.63, H2.59, N23.08,
Zn10.68.
2.2.5. Metal complexes of HL2 (1:1)
The hot ethanolic (40–50 C) solutions of the HL2 (0.26 g,
1 mmol) were added to the aqueous ethanolic solutions (95%)
of metal acetates of Co(II) (0.25 g, 1 mmol), Ni(II) (0.25 g,
1 mmol), Cu(II) (0.20 g, 1 mmol) and Zn(II) (0.22 g, 1 mmol),
respectively which resulted in the immediate precipitation of
S980 K. Singh et al.metal derivatives. The products formed were ﬁltered, washed
with warm water, ethanol and ﬁnally with acetone and dried
on water bath.
Co(L2)OAc.3H2O. Anal. for C11H17N5O8SCo Calcd.
C30.14, H3.91, N15.98, Co13.45. Found C30.04, H3.85,
N15.90, Co13.30.
Ni(L2)OAc.3H2O. Anal. for C11H17N5O8SNi Calcd.
C30.16, H3.91, N15.99, Ni13.40. Found C30.00, H3.85,
N15.92, Ni13.28.
Cu(L2)OAc.H2O. Anal. for C11H13N5O6SCu Calcd.
C32.47, H3.22, N17.21, Cu15.62. Found C32.44, H3.18,
N17.20, Cu15.53.
Zn(L2)OAc.3H2O. Anal. for C11H17N5O8SZn Calcd
C29.71, H3.85, N15.75, Zn14.70. Found C29.65, H3.48,
N15.73, Zn14.63.
2.2.6. Metal complexes of HL2 (1:2)
The aqueous ethanolic solutions (95%) of metal acetates of
Co(II) (0.21 g, 0.8 mmol), Ni(II) (0.21 g, 0.8 mmol), Cu(II)
(0.17 g, 0.8 mmol) and Zn(II) (0.18 g, 0.8 mmol) were treated
respectively, with the hot ethanolic (40–50C) solutions of
the HL2 (0.45 g, 1.6 mmol). The solid complexes were ﬁltered,
washed with warm water, ethanol and ﬁnally with acetone and
dried on a water bath.
Co(L2)2.2H2O. Anal. for C18H20N10O8S2Co Calcd. C34.45,
H3.21, N22.32, Co9.39. Found C34.23, H3.18, N22.29,
Co9.24.
Ni(L2)2.2H2O. Anal. for C18H20N10O8S2Ni Calcd. C34.47,
H3.21, N22.33, Ni9.36. Found C34.40, H3.19, N22.33, Ni9.35.
Cu(L2)2. Anal. for C18H16N10O6S2Cu Calcd. C36.27,
H2.71, N23.50, Cu10.66. Found C36.21, H2.68, N23.50,
Cu10.55.
Zn(L2)2.2H2O. Anal. for C18H20N10O8S2Zn Calcd. C34.10,
H3.18, N22.09, Zn10.31. Found C34.01, H3.14, N22.02,
Zn10.00.
2.3. Antimicrobial study
2.3.1. Test microorganisms
Totally six microbial strains were selected on the basis of their
clinical importance in causing diseases in human. Two Gram-
positive bacteria (Staphylococcus aureus MTCC 96 and Bacil-
lus subtilis MTCC 121); two Gram-negative bacteria (Esche-
richia coli MTCC 1652 and Pseudomonas aeruginosa MTCC
741) and two fungi, Aspergillus niger and A. ﬂavus, the ear
pathogens were isolated from the patients of Kurukshetra
(Aneja et al., 2010). All the bacterial cultures were procured
from Microbial Type Culture Collection (MTCC), IMTECH,
Chandigarh. The bacteria were sub cultured on Nutrient agar
whereas the fungi on Sabouraud’s dextrose agar.
2.3.2. In-vitro antibacterial activity
The antibacterial activities of newly synthesized compounds
were evaluated by the agar well diffusion method. All the
microbial cultures were adjusted to 0.5 McFarland standards,
which are visually comparable to a microbial suspension of
approximately 1.5 · 108 cfu/ml. Mueller Hinton agar medium
(20 mL) was poured into each Petri plate and plates were
swabbed with 100 ll inocula of the test microorganisms and
kept for 15 min for adsorption. Using a sterile cork borer of
8 mm diameter, wells were bored into the seeded agar platesand these were loaded with a 100 ll solution of each com-
pound in dimethylsulphoxide (DMSO) with a concentration
of 4.0 mg/ml. All the plates were incubated at 37C for 24 h.
Antibacterial activity of each synthetic compound was evalu-
ated by measuring the zone of growth inhibition against the
test organisms with a zone reader (Hi Antibiotic zone scale).
DMSO was used as a negative control whereas Ciproﬂoxacin
was used as a positive control. This procedure was performed
in three replicate plates for each organism (Ahmad and Beg,
2001; Andrews, 2001).
2.3.3. Minimum inhibitory concentration (MIC)
MIC of the various compounds against bacterial strains was
tested through a macro dilution tube method as recommended
by NCCLS. In this method, the various test concentrations of
chemically synthesized compounds were made from 128 to
0.25 lg/ml in sterile tubes no. 1 to 10. Hundred microlitres
of sterile Mueller Hinton Broth (MHB) was poured into each
sterile tube followed by the addition of 200 ll of the test com-
pound in tube 1. Two fold serial dilutions were carried out
from tube 1 to tube 10 and excess broth (100 ll) was discarded
from the last tube no. 10. To each tube, 100 ll of standard
inoculums (1.5 · 108 cfu/ml) was added. Ciproﬂoxacin was
used as control. Turbidity was observed after incubating the
inoculated tubes at 37C for 24 h (NCCLS, 2000).
2.3.4. In-vitro antifungal activity
The antifungal activities of Schiff bases and their metal com-
plexes were evaluated by poison food technique. The moulds
were grown on Sabouraud dextrose agar (SDA) at 25C for
7 days and used as inoculates. 15 ml of molten SDA (45C)
was poisoned by the addition of 100 ll volume of each com-
pound having a concentration of 4.0 mg/ml reconstituted in
the DMSO, poured into a sterile Petri plate and allowed it
to solidify at room temperature. The solidiﬁed poisoned agar
plates were inoculated at the centre with fungal plugs (8 mm
diameter) obtained from the colony margins and incubated
at 25C for 7 days. DMSO was used as the negative control
whereas Fluconazole was used as the positive control. The
experiments were performed in triplicates. Diameter of fungal
colonies was measured and expressed as percent mycelial inhi-
bition by applying the formula (Al-Burtamani et al., 2005).
Percent inhibition of mycelial growth ¼ ðdc dtÞ=dc 100
where dc is the average diameter of the fungal colony in nega-
tive control sets and dt is the average diameter fungal colony in
the experimental sets.
3. Results and discussion
3.1. Chemistry
Analytical data indicated the formation of 1:1 and 1:2 metal
complexes of HL1–2 with Co(II), Ni(II), Cu(II) and Zn(II)
metal ions. The Schiff bases (Fig. 1) were soluble in ethanol
and methanol. All the metal complexes are coloured, non
hygroscopic solids, stable in air, infusible at higher tempera-
ture, insoluble in water and many common organic solvents
but they are soluble in DMF and DMSO. The molar conduc-
tance values of the complexes (measured in 103 M DMF)
are in the range of 1.5–3.6 ohm1 cm2 mol1 indicating the
NN
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R = -CH3, -CH2CH3
Figure 1 Structure of Schiff base.
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of ligands and their metal complexes has been checked by
TLC.
3.2. IR spectra
A band at 1605–1620 cm1 in the spectra of Schiff bases had
been assigned to the azomethine group frequency m (N‚CH),
which shifted towards the lower frequency (Singh et al., 2006)
by 15–20 cm1 in the spectra of the complexes, indicating coor-
dination through the nitrogen atom. Further coordination of
metal to azomethine nitrogen was conﬁrmed by a new band
around 483–528 cm1 due to m (M–N). The Schiff bases exhib-
ited a weak broad band around 2700 cm1 due to m (S–H)
vibrations (Singh et al., 2006; Kulkarni et al., 2010). This band
disappeared in the spectra of the metal complexes indicating
deprotonation and complexation through sulphur. In the spec-
tra of metal complexes bands that appeared at 732–750 cm1
and 334–348 cm1 were assigned to m (C–S) and m (M–S),
respectively. The presence of coordinated water molecules in
the metal complexes was indicated by a broad trough band
in the region of 3200–3450 cm1. A strong band in the region
of 1722–1735 cm1 had been assigned to m (OOCCH3) in 1:1
metal complexes (Table 1).Table 1 IR spectral data of the ligands and their metal complexes
Compound m(N‚CH) m(C–S) m(S–H)
HL1 1605 – 2669
Co(L1)(OAc) 3H2O 1593 741 –
Co(L1)2 2H2O 1594 745 –
Ni(L1)(OAc) 3H2O 1585 741 –
Ni(L1)2 2H2O 1588 741 –
Cu(L1)(OAc) H2O 1595 749 –
Cu(L1)2 1593 748 –
Zn(L1)(OAc) 3H2O 1588 750 –
Zn(L1)2 2H2O 1592 741 –
HL2 1620 – 2675
Co(L2)(OAc) 3H2O 1608 730 –
Co(L2)2.2H2O 1609 733 –
Ni(L2)(OAc).3H2O 1607 735 –
Ni(L2)2 2H2O 1618 733 –
Cu(L2)(OAc) H2O 1612 732 –
Cu(L2)2 1612 733 –
Zn(L2)(OAc) 3H2O 1610 741 –
Zn(L2)2 2H2O 1612 742 –3.3. 1H NMR Spectra
The 1H NMR spectra have been recorded for Schiff bases
(Fig. 2) and Zn(II) complexes (Table 2). In the NMR spectra
of complexes, a shift of electron density from the ligand to me-
tal had been observed. The ligands [HL1–2] that showed sing-
lets at d 10.2 and 10.3 ppm, respectively were assigned to the
azomethine proton. The signal due to the azomethine proton
deshielded in the spectra of metal complexes, suggesting the
coordination of metal ion to the azomethine nitrogen atom
of the ligands (Singh et al., 2006; Bagihalli et al., 2009). In
addition to this, the signal at d 11.0–11.1 ppm was ascribed
to the SH proton. Disappearance of SH protons signal in the
spectra of metal complexes supported the deprotonation of
the thiol group. In the spectra of Schiff bases two doublets
at d 7.1–7.2 and d 7.4 ppm were assigned to the aromatic pro-
tons. These doublets show a slight shift upon coordination. In
the spectra of 1:1 Zn complexes a singlet at d 2.3 ppm was due
to methyl group of the acetate ion.
3.4. Electronic spectra and magnetic measurements
The electronic spectra of Co(II) complexes (Table 3) exhibited
absorption bands in the region of 10800–11000 cm1 and(cm1).
m(OOCCH3) m(H2O/OH) m(M–S) m(M–N)
– – – –
1722 3294 343 528
– 3288 335 521
1728 3371 348 522
– 3294 355 520
1733 3333 348 495
– – 348 489
1735 3441 342 480
– 3441 342 483
– – – –
1728 3311 334 510
– 3310 336 512
1728 3298 345 495
– 3387 348 501
1726 3410 345 528
– – 348 525
1730 3418 347 498
– 3418 345 498
Figure 2 1H NMR spectra of 4-(5-nitrofurfuralideamino)-3-ethyl-5-mercapto-1,2,4-triazole.
Table 2 1H NMR spectral data of Schiff bases and their metal complexes.
Compounds 1H NMR (DMSO-d6) (ppm)
HL1 [C8H7N5O3S] 2.5 (s, 3H, –CH3), 7.1 (d, 1H, Ar–H), 7.4 (d, 1H, Ar H) 10.2 (s,1H, –N‚CH–), 11.1 (s, 1H, –SH)
Zn(L1)OAc.3H2O [C10H15N5O8SZn] 2.5(s, 3H, –CH3), 7.6 (d, 1H, Ar–H), 7.8 (d, 1H, Ar–H) 10.4(s, 1H, –N‚CH–), 2.3(s,3H, CH3COO)
Zn(L1)2.2H2O [C16H16N10O8S2Zn] 2.5(s, 6H, –CH3), 7.6 (d, 2H, Ar–H), 7.9 (d, 2H, Ar–H) 10.5(s, 2H, –N‚CH–)
HL2 [C9H9N5O3S] 2.9 (q, 2H, –CH2CH3), 1.4 (t, 3H, –CH2CH3), 7.2 (d, 1H, Ar–H), 7.4 (d, 1H, Ar H)
10.3 (s,1H, –N‚CH–), 11.0 (s, 1H, –SH)
Zn(L2)OAc.3H2O [C11H17N5O8SZn] 2.7 (q, 2H, –CH2CH3), 1.3 (t, 3H, –CH2CH3), 7.6 (d, 1H, Ar–H), 7.8 (d, 1H, Ar H),
10.4 (s,1H, –N‚CH–), 2.3(s,3H, CH3COO)
Zn(L2)2 2H2O [C18H20N10O8S2Zn] 2.8 (q, 4H, –CH2CH3), 1.3(t, 6H, –CH2CH3), 7.6 (d, 2H, Ar–H), 7.8 (d, 2H, Ar H)
10.4 (s,2H, –N‚CH–)
Table 3 Electronic spectra and Ligand ﬁeld parameters of metal complexes.
Compound Transitions (cm1) Dq cm1 B cm1 m2/m1 b b%
m1 m2 m3
Co(L1)(OAc) 3H2O 10985 23206
a 21002 1222.1 750.26 2.11 0.772 22.8
Co(L1)2 2H2O 10988 23212
a 20990 1222.4 749.06 2.11 0.771 22.9
Ni(L1)(OAc) 3H2O 9912 16523 24865 991.2 776.81 1.66 0.735 26.5
Ni(L1)2 2H2O 9934 16458 24880 993.4 769.06 1.65 0.728 27.2
Co(L2)(OAc) 3H2O 10883 22937
a 19998 1205.4 685.76 2.10 0.706 29.4
Co(L2)2 2H2O 10892 22954
a 19985 1206.2 672.22 2.10 0.692 30.8
Ni(L2)(OAc) 3H2O 9876 16220 24992 987.6 772.26 1.64 0.731 26.9
Ni(L2)2 2H2O 9887 16315 24885 988.7 769.26 1.65 0.728 27.2
a Calculated.
S982 K. Singh et al.19800–21000 cm1 corresponding to m1 and m3 transitions
respectively, which are attributed to the transitions
4T1g(F)ﬁ 4T2g(F) (m1); 4T1g(F)ﬁ 4T1g(P) (m3) (Singh et al.,
2006; Avaji et al., 2008). These bands are characteristic of high
spin octahedral Co(II) complexes; m2 was not observed, but itcan be calculated (Cotton and Wilkinson, 1988; Patra et al.,
2005) by using relation m2 = m1 + 10 Dq, which was very close
to the m3 transition. The ligand ﬁeld parameter such as Dq, B
1,
b and b% have been calculated by using Band-ﬁtting equation
given by Underhill and Billing (Lever, 1968). The crystal ﬁeld
Figure 3 X-Band ESR spectra of Cu(L1)(OAc).H2O.
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These values were well within the range reported for the octa-
hedral complexes (Lever, 1968). The Rachah parameter (B)
was found to be 672–772 cm1 which is less than the free ion
value of 971 cm1, suggesting an orbital overlap and delocal-Figure 4 TG and DTA thermograms of
Table 4 Themogravimetric characteristics of metal complexes.
Compound Process Temp, C Product
Co(L1)2 2H2O Dehydration 50–170 H2O
Dec. of coordination 170–400 –Org. moiety
Sphere 400–650 –Triazole
Zn(L2)OAc.3H2O Dehydration 50–235 H2O
Dec. of coordination 235–593 –OAc, –Org. m
Sphere(L) 360–750 –Triazoleization of the electron on the metal ion. The nephelauxetic
ratio (b) for the 1:1 and 1:2 cobalt complexes is less than one
suggesting partial covalency in the metal ligand bond. The val-
ues Dq, b%, m2/m1 (Table 3) suggest the distorted octahedral
geometry for the Co(II) complexes.
The 1:1 and 1:2 Ni(II) complexes that exhibit three
absorption bands in the regions of 9800–9950 cm1,
16200–16600 cm1 and 24800–25000 cm1 were assigned
to 3A2g(F)ﬁ 3T2g(F) (m1), 3A2g(F)ﬁ 3T1g(F) (m2) and
3A2g(F)ﬁ 3T1g(P) (m3) transitions, respectively, indicated dis-
torted octahedral geometry for the Ni(II) ion. By using the
Band-ﬁtting equation (Lever, 1968) ligand ﬁeld parameters have
been calculated forNi(II) complexes. Rachah parameter B is less
than the free ion value i.e. 1041 cm1 indicating the covalent
character of themetal ligand bond. The crystal ﬁeld splitting en-
ergy (Dq) value was found to be 990 cm1 suggesting octahe-
dral geometry for Ni(II) complexes (Mohammed, 2001). The
electronic spectra of Cu(II) complexes showed a broad band
at18500 cm1, which is attributed to 2B1gﬁ 2A1g (m1) transi-
tion. It is a characteristic band of square planar geometry
around the Cu (II) (Osman et al., 2004).
The 1:1 and 1:2 Co(II) complexes show a magnetic moment
(leff) of 4.72–4.89 BM, well within the expected range of the
octahedral complex (4.3–5.2 BM) (Singh et al., 2006; Avaji
et al., 2008). The nickel complexes show a magnetic moment
of 3.21–3.30 BM, suggested distorted octahedral geometry.
The Cu(II) complex had magnetic moment value 1.72–1.75
BM, which falls in the normal range (1.7–2.2 BM).Co(L1)2.2H2O and Zn (L
2)OAc.3H2O.
Mass,% No. of Moles Residue, % Nature
Calcd. Found Calcd Found
6.01 6.80 2
41.73 42.00 2
42.40 41.88 2 12.50 11.47 CoO
12.19 12.01 3
oiety 41.53 40.99 1,1
32.06 33.00 1 18.04 18.30 ZnO
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Figure 5 Minimum inhibitory concentrations (lg/ml) of com-
pounds with standard drug.
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ESR spectra for 1:1 and 1:2 copper(II) complexes i.e.
Cu(L1)(OAc).H2O (Fig. 3) and Cu(L
1)2 had been recorded.
From the observed g values for Cu(L1)(OAc).H2O at room
temperature (g|| || = 2.20, g^= 2.070, gav = 2.11, G= 2.89)
and for Cu(L1)2 at room temperature (g|| || = 2.189,
g^= 2.060, gav = 2.103, G= 3.19), it is evident that unpaired
electron is localized in the dx2–y2 orbital and corresponds to
square planar geometry of the complexes. The g|| || < 2.3 value
conﬁrms the covalent character of the metal ligand bond. The
axial symmetry parameter G is less than 4.0, indicates consid-
erable exchange interaction in the solid complex (Dutta and
Syamal, 1993).
3.6. Thermal analysis
Thermo gravimetric studies were carried out for Co(L1)2.2H2O
and Zn(L2)(OAc) 3H2O (Fig. 4) (Singh et al., 2006). The
decomposition temperature, pyrolysed products, percentage
mass loss of the complexes and the ash (percent) are given in
Table 4. The Co(II) complex decomposes in three stages.
The ﬁrst step, 50–170C, results in a mass loss (found
6.80%, calcd. 6.01%), corresponding to a loss of two water
molecules of hydration. The anhydrous complex decomposes
in a major stage consisting of two overlapping steps. In the ﬁrst
stage, the organic part started decomposing, giving metal-tria-
zole at 400C with a mass loss of 42.00% on the TG curve
(calcd. 41.73). In the temperature range of 400–650C all the
triazole parts get decomposed with a mass loss of 41.88%
(Calcd. 42.40%). The Zn(II) complex also decomposes in three
stages. The ﬁrst step 50–235C, results in a mass loss (found
12.01%, calcd. 12.19%) corresponding to a loss of three water
molecules of hydration. In the second step, the organic part
was lost in the 235–593C range with a mass loss of 40.99%
(calcd. 41.53%), giving the metal triazole. The third step corre-Table 5 Antibacterial activity of synthesized compounds.
Sr. No. Compounds Diameter of growth of inhibiti
Staphylococcus aureus B
1 HL1 24.3 2
2 Co(L1)(OAc) 3H2O 22.6 2
3 Co(L1)2 2H2O 22.3 2
4 Ni(L1)(OAc) 3H2O 18.6 2
5 Ni(L1)2 2H2O 19.0 2
6 Cu(L1)(OAc) H2O 20.6 2
7 Cu(L1)2 19.6 2
8 Zn(L1)(OAc) 3H2O 24.3 2
9 Zn(L1)2 2H2O 23.6 2
10 HL2 25.6 2
11 Co(L2)(OAc) 3H2O 21.0 2
12 Co(L2)2 2H2O 20.6 2
13 Ni(L2)(OAc) 3H2O 16.3 1
14 Ni(L2)2 2H2O 18.6 2
15 Cu(L2)(OAc) H2O 16.6 2
16 Cu(L2)2 15.3 2
17 Zn(L2)(OAc) 3H2O 24.6 2
18 Zn(L2)2 2H2O 23.3 2
19 Ciproﬂoxacin 26.6 2
a Values, including diameter of the well (8 mm), are means of three repsponds to the decomposition of triazole molecules with mass
loss of 33.00% (calcd. 32.06%) in the TG curve. The decompo-
sition of both the complexes ended with oxide formation.
3.7. Antimicrobial activity
All the newly synthesized Schiff bases and their metal com-
plexes were screened for their antibacterial and antifungal
activities. All the tested chemical compounds possessed vari-
able antibacterial activity against both Gram-positive (S. aur-
eus and B. subtilis) and Gram negative (E. coli and P.
aeruginosa) bacteria and antifungal activity against A. niger
and A. ﬂavus. Positive controls produced signiﬁcant sizedon zone (mm)a
acillus subtilis Escherichia coli Pseudomonas aeruginosa
6.6 22.3 18.3
6.8 21.6 18.6
3.6 23.3 16.0
2.0 17.6 19.3
1.6 18.6 15.6
3.6 19.3 14.6
2.3 20.3 16.0
6.9 22.6 19.6
5.6 20.3 18.6
6.6 21.3 19.3
3.6 20.6 16.3
2.3 19.0 15.6
4.6 13.6 –
3.0 17.6 14.3
2.3 15.3 –
2.6 14.0 –
6.3 22.3 19.6
5.6 21.3 16.3
4.0 25.0 22.0
licates.
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negative control produced no observable inhibitory effect
against any of the test organisms as shown in Table 5.
On the basis of maximum inhibitory activity shown against
Gram positive bacteria, four compounds namely HL1,
Zn(L1)(OAc).3H2O, HL
2 and Zn(L2)(OAc).3H2O were found
to be most effective against S. aureus with a zone of inhibition
ranging between 25 mm and 24 mm and with B. subtilis a zone
of inhibition is 26 mm. However in case of Gram negative bac-
teria, three compounds, HL1, Zn(L1)(OAc).3H2O and
Zn(L2)(OAc).3H2O were found to be most effective E. coli
with the zone of inhibition 22 mm and compoundsTable 6 Antifungal activity of synthesized compounds.
Compounds Mycelial growth inhibition level, %
Aspergillus niger Aspergillus ﬂavus
HL1 (nfmmt) 66.6 63.3
Co(L1)(OAc) 3H2O 55.5 51.1
Co(L1)2 2H2O 50 48.8
Ni(L1)(OAc) 3H2O 58.8 61.1
Ni(L1)2 2H2O 52.2 48.8
Cu(L1)(OAc) H2O 48.8 51.1
Cu(L1)2 53.3 50
Zn(L1)(OAc) 3H2O 63.3 66.6
Zn(L1)2 2H2O 58.8 61.1
HL2 (nfemt) 68.8 63.3
Co(L2)(OAc) 3H2O 62.2 65.5
Co(L2)2 2H2O 53.3 51.1
Ni(L2)(OAc) 3H2O 52.2 55.5
Ni(L2)2 2H2O 58.8 62.2
Cu(L2)(OAc) H2O 51.1 53.3
Cu(L2)2 50 52.2
Zn(L2)(OAc) 3H2O 63.3 65.5
Zn(L2)2 2H2O 61.1 62.2
Fluconazole 81.1 77.7
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Figure 6 Structure oZn(L1)(OAc).3H2O, HL
2 and Zn(L2)(OAc).3H2O against P.
aeruginosa with a zone of inhibition of 19 mm, whereas, four
compounds, Ni(L2)(OAc).3H2O, Cu(L
2)(OAc).H2O and
Cu(L2)2 do not exhibit any activity against P. aeruginosa (Ta-
ble 5). Gram negative bacteria showed low activity as com-
pared to Gram positive bacteria against the tested chemical
compounds.
The MIC of all the complexes ranged between 8 and
256 lg/ml against Gram positive bacteria. Compound HL1,
Zn(L1)(OAc).3H2O, HL
2 and Zn(L2)(OAc).3H2O were found
to be best as they exhibit the lowest MIC of 16 lg/ml against
S. aureus and 8 lg/ml against B. subtilis. In the case of
Gram negative bacteria, MIC of compounds ranged from
32–256 lg/ml and showed the lowest MIC of 32 lg/ml against
E. coli and P. aeruginosa (Fig. 5).
All the compounds, screened for their antifungal activity,
showed more than 60% inhibition of mycelial growth against
A. niger and A. ﬂavus. Zn(L2)(OAc).3H2O showed the highest
inhibition of fungal mycelium (68%) against A. niger (Table 6).
The antimicrobial studies suggested that all the Schiff bases
were found to be biologically active and their metal complexes
showed signiﬁcantly enhanced antibacterial and antifungal
activity against microbial strains in comparison to the free li-
gands. It was suggested (Chohan and Praveen, 2001; Chohan
et al., 2004) that chelation tended to make the ligands act as
more powerful and potent bactereostatic agents, thus inhibit-
ing the growth of bacteria more than the parent ligands did.
It was suspected that factors such as solubility, conductivity,
dipole moment and cell permeability mechanism inﬂuenced
by the presence of metal ion might be the possible reason for
the increase in activity.
4. Conclusions
The synthesized Schiff bases (HL1–2) act as bidentate ligands
and coordinated to the metal ion through nitrogen and sulphurO2 N N
N
R S
(S)
O
2N
N
C
H
Cu
COCH3
O
(R)
H2O
NO2
1:1
N N
N
R S
(S)
O
O2N
N
C
H
M
COCH3
O
(R)
H2O
1:1
H2O
H2O
R = -CH3, -CH2CH3
f metal complexes.
S986 K. Singh et al.of the thiol group. The bonding of ligand to metal ion is con-
ﬁrmed by elemental analyses, spectral studies (UV–Vis, IR,
1HNMR, Fluorescence), TGA, magnetic and conductance
measurements. The proposed structures of metal complexes
are presented in Fig. 6. Compounds namely: Zn(L1)
(OAc).3H2O and Zn(L
2)(OAc).3H2O were found to exhibit
the highest antimicrobial activity and Zn(L2)(OAc).3H2O
was found to exhibit the highest antifungal property. The anti-
microbial studies suggested that the Schiff bases were found to
be biologically active and their metal complexes showed signif-
icantly enhanced antibacterial and antifungal activities against
microbial strains in comparison to the free ligands.Acknowledgements
One of the authors Yogender Kumar is highly thankful to the
University Grant Commission, New Delhi for providing junior
research fellowship (JRF) and the Department of Chemistry,
Kurukshetra University Kurukshetra, for providing facilities
to carry out this research work.
References
Ahmad, I., Beg, A.J., 2001. Antimicrobial and phytochemical studies
on 45 Indian medicinal plants against multidrug resistant human
pathogens. J. Ethnopharmacol. 74, 113–123.
Al-Burtamani, S.K.S., Fatope, M.O., Marwah, R.G., Onifade, A.K.,
Al-Saidi, S.H., 2005. Chemical composition, antibacterial and
antifungal activities of the essential oil of Haplophyllum tubercul-
atum from Oman. J. Ethnopharmocol. 96, 107–112.
Almasirad, A., Shaﬁee, A., Abdollahi, M., Khorasani, R., 2010. Synthesis
andanalgesic activity ofnew1,3,4-oxadiazoles and1,2,4-triazoles.Med.
Chem. Res. http://dx.doi.org/10.1007/s00044-010-9335-0.
Altundas, A., Nursen, S., Colak, N., Ogutchi, H., 2010. Synthesis and
biological activity of new cycloalkylthiophene Schiff bases and
their Cr(III) and Zn(II) complexes. Med. Chem. Res. 19, 576–588.
Andrews, J.M., 2001. Determination of minimum inhibitory concen-
trations. J. Antimicrob. Chemother. 48, 5–16.
Aneja, K.R., Sharma, C., Joshi, R., 2010. Fungal infection of ear: a
common problem in north eastern part of Haryana. Inter. J.
Otorhinolaryngol. 74, 604–607.
Avaji, P.A., Patil, S.A., Badami, P.S., 2008. Synthesis, spectral,
thermal, solid state d.c. electrical conductivity and biological
studies of Co(II), Ni(II) and Cu(II) complexes with 3-substituted-4-
amino (indole-3-aldehydo)-5-mercapto-1,2,4-triazole Schiff bases.
J. Coord. Chem. 61, 1884–1896.
Bagihalli, G.B., Patil, S.A., Badami, P.S., 2009. Synthesis, physico-
chemical investigation and biological studies of Zn(II) complexes
with 1,2,4-triazoles Schiff bases. J. Iran. Chem. Soc. 6, 259–270.
Bala, S., Gupta, R.P., Sachdeva, M.L., Singh, A., Pujari, H.K., 1978.
Heterocyclic systems containing bridgehead nitrogen atom: part
XXXIII- Synthesis of s-Triazolo [3,4-b][1,3,4] thiadiazine, s-triaz-
olo-[3,4-b][1,3,4]thiadiazino[6,7-b] quinoxaline & as-triazino-[3,4-b]
[1,3,4] thiadiazines. Ind. J. Chem. 16, 481–483.
Catalan, J., Elguero, J., 1983. Basicity of azoles part 2 theoretical study
of the basicity of methylpyrazoles and methylimidazoles. J. Chem.
Soc. Perkin Tran. 2, 1869–1874.
Chohan, Z.H., Supran, C.T., 2005. In-vitro antibacterial and cytotoxic
activity of cobalt (II), copper (II), nickel (II) and zinc (II)
complexes of the antibiotic drug cephalothin (Keﬂin). J. Enz.
Inhib. Med. Chem. 20, 463–468.
Chohan, Z.H., Supran, C.T., Scozzafava, A., 2004. Metalloantibiotics:
synthesis and antibacterial activity of cobalt(II), copper(II),
nickel(II) and zinc(II) complexes of kefzol. J. Enz. Inhib. Med.
Chem. 19, 79–84.Chohan, Z.H., Praveen, M., 2001. Synthesis, characterization, coor-
dination and antibacterial properties of novel asymmetric 1,10-
disubstituted ferrocene-derived Schiff-base ligands and their Co(II),
Cu(II) Ni(II) and Zn(II) complexes. Appl. Organomet. Chem. 15,
617–625.
Cotton, F.A., Wilkinson, G., 1988. Advanced Inorganic Chemistry,
5th ed. wiley, New York.
Cui, X.S., Chen, J., Chai, K.Y., Lee, J.S., Quan, Z.S., 2009. Synthesis
and anticonvulsant evaluation of 3-substituted-4-(4-hexyloxyphe-
nyl)-4H-1,2,4-triazoles. Med. Chem. Res. 18, 49–58.
Dutta, R.L., Syamal, A., 1993. Elements of Magnetochemistry,
Afﬁliated East West Press Pvt Ltd. Prabhugouda, B.M., Kalago-
uda, B.G., Timmongouda, R.G., 2000. Thermal studies of
cobalt(II), nickel(II) and copper(II) 3-substituted-4-salicylidenea-
mino-5-mercapto-1,2,4-triazole complexes.Transition Met. Chem.
25, 411–414.
Garnovskii, A.D., Vasilchenko, I.S., Garnovskii, D.A., Kharisov, B.I.,
2009. Molecular design of mononuclear complexes of acyclic
Schiff-base ligands. J. Coord. Chem. 62, 151–204.
Golcu, A., Tumer, M., Demicell, H., Wheatly, R.C., 2005. Cd(II) and
Cu(II) complexes of polydentate Schiff base ligands: synthesis,
characterization, properties and biological activity. Inorg. Chim.
Acta. 358, 1785–1797.
Heshmatpour, F., Ghassemzadeh, M., Bahemmat, S., Rothenberger,
A., 2007. Synthesis, characterization and molecular structure of a
new tetrameric palladium(II) complex containing Schiff-Bases
derived from AMTTO. Z. Anorg. Allg. Chem. 633, 1178–1182.
Hitchcock, C.A., 1991. Cytochrome P-450-dependent 14alpha-ster-
oldemethylase of Candida albicans and its interaction with azole
antifungals. Biochem. Soc. Trans. 19, 782–787.
Ibraham, M.H., Duce, P.P., Prior, D.V., Barratt, D.G., Morris, J.J.,
Taylor, P.J., 1989. Hydrogen bonding part 9 solute proton donor
and proton acceptor scales for use in drug design. J. Chem. Soc.
Perkin Tran. 2, 1355–1376.
Kamble, U.V., Patil, S.A., Badami, P.S., 2010. DNA cleavage and
antimicrobial studies of 17-membered Schiff base macrocyclic
triazoles: synthesis and spectroscopic approach. J. Inc. Phenom.
Macrocycl. Chem. 68, 347–358.
Kulkarni, A.D., Patil, S.A., Naik, V.H., Badami, P.S., 2010. DNA
cleavage and antimicrobial investigation of Co(II), Ni(II), and
Cu(II) complexes with triazole schiff base: synthesis and spectral
characterization. Med. Chem. Res. http://dx.doi.org/10.1007/
s00044-010-9327-0.
Lacroxi, P.G., Averseng, F., Malfant, I., Nakatani, K., 2004.
Synthesis, crystal structures, and molecular hyperpolarizabilities
of a new Schiff base ligand, and its copper(II), nickel(II), and
cobalt(II) metal complexes. Inorg. Chim. Acta. 357, 3825–3835.
Lever, A.B.P., 1968. Inorganic Spectroscopy. Elsevier, Amsterdam.
Mohammed, G.G., 2001. Metal complexes of antibiotic drugs Studies
on dicluxacillin complexes of FeII, FeIII, CoII, NiII and CuI.
Spectrochim. Acta, Part A. 57, 1643–1648.
NCCLS, 2000. Method for dilution antimicrobial susceptibility test for
bacteria that grow aerobically. Approved Standards, 5th Edn,
National Committee for Clinical Standards, Villanova, PA.
Nuria, A., Cabeza, I., Rosario, A., Alvarez, V.Y., Akdi, K., Carretero,
M., 2005. Synthesis, structure and biological activity of a new and
efﬁcient Cd(II)–uracil derivative complex system for cleavage of
DNA. J. Biol. Inorg. Chem. 10, 924–934.
Omer, M.M., Mohamed, G.G., Hindy, A.M.M., 2006. Transition
metal complexes of heterocyclic Schiff base; biological activity,
spectroscopic and thermal characterization. J. Therm. Anal.
Calorim. 86, 315–325.
Osman, A.H., Saleh, M.S., Sanaa, M.M., 2004. Synthesis, character-
ization, and photochemical studies of some copper complexes of
Schiff Bases derived from 3-Hydrazino-6-methyl[1,2,4]triazin-
5(4H)one. Synth. React. Inorg. Met. Org. Chem. 34, 1069–1085.
Patra, A.K., Dhar, S., Nethaji, M., Chakarworty, A.R., 2005. Metal-
assisted red light-induced DNA cleavage by ternary L-methionine
Antimicrobial, spectral and thermal studies of divalent cobalt, nickel, copper S987copper(II) complexes of planar heterocyclic bases. Dalton. Trans.
5, 896–902.
Singh, K., Barwa, M.S., Tyagi, P., 2006. Synthesis, characterization
and biological studies of Co(II), Ni(II), Cu(II) and Zn(II)
complexes with bidentate Schiff bases derived by heterocyclic
ketone. Eur. J. Med. Chem. 41, 147–153.
Singh, K., Kumar, Y., Pundir, R.K., 2010. Synthesis and character-
ization of biologically active organosilicon(IV) complexes with
Schiff bases derived from o-aminothiophenol. Synth. React. Inorg.
Met. Org. Chem. 40, 836–842.
Singh, K., Singh, D.P., Barwa, M.S., Tyagi, P., Mirza, Y., 2006a.
Antibacterial Co(II), Ni(II), Cu(II) and Zn(II) Complexes of Schiffbases derived from ﬂuorobenzaldehyde and triazoles. J. Enz. Inhib.
Med. Chem. 21, 557–562.
Singh, K., Singh, D.P., Barwa, M.S., Tyagi, P., Mirza, Y., 2006b.
Some bivalent metal complexes of Schiff bases containing N and S
donor atoms. J. Enz. Inhib. Med. Chem. 21, 749–755.
Taft, R.W., Anvia, F., Taagepera, M., Catalan, J., Elguero, J., 1986.
Electrostatic proximity effects in the relative basicities and acidities
of pyrazole, imidazole, pyradazine, and pyrimidine. J. Am. Chem.
Soc. 108, 3237–3243.
Vogel, A.I., 1999. A Text Book of Quantitative Chemical Analysis,
Fifth ed. Addison Wesley Longman, London.
